INTRODUCTION
This experiment was carried out to measure the energy loss due to the synchrotron radiation emitted by protons and lead ions and due to the resistive wall impedance but also the energy loss due to ionization of the rest gas had to be considered.
The synchrotron radiation of a radially accelerated charge in free space is well known. For the fully stripped lead ions Pb58, it has to be considered that the charge is q = Z e and all the 82 protons radiate coherently resulting in a emitted power being proportional to Z2. Furthermore the shielding effect by the vacuum chamber has to be taken into account. For the energy loss caused by the impedance of the beam surroundings we have to consider that the unbunched beam consists of point charges without any phase relation between them. Each charge produces an electric field concentrated in the transverse direction with an opening angle of about f l / y which induces on the wall a short current pulse of length proportional to l/y. By measuring the loss for different beam energies some information about the resistive wall impedance can be obtained. In the following we will discuss the different effects leading to an energy loss and calculate the expected magnitude for the conditions used in the experiment. We make some estimates of the impedance based on earlier measurements done in the SPS and similar machines and we will use the actual measured pressures of the residual gas to estimate the loss due to ionization. The expected effects are presented and compared with the experimental results. 
In the experiment the energy loss has been determined by observing the change of the frequency w, = 27r f, = kwo of a Schottky signal being a harmonic of the revolution frequency WO which depends on the momentum where a, is the momentum compaction. The relative energy loss per unit time or the energy loss U per turn is obtained from the observed time variation of the Schottky signal frequency Here q is the charge of the circulating particle. For the proton it is just the elementary charge q = e. However, for the lead ion we have q = Ze since the nucleus containing Z protons can be considered as a point charge within the scale of the wavelength of the emitted radiation, in other words, all the protons of the lead nucleus radiate coherently. Using the ratio between the Lorentz factors for protons and the lead ions (3) we get for the energy loss ratio
The relative energy loss per unit time is half the total radiation damping rate 1/Trad and has the ratio
We arrive at this somewhat surprising result that the lead ions have a larger damping rate and move faster to the inside than the protons. But this is true only in free space and the radiation from lead, being at lower frequencies, is reduced by the vacuum chamber more than the one from protons. The spectrum of the emitted radiation is characterized by the critical frequency w, of wavelength A, which divides it into two parts of equal power So far the synchrotron radiation has been calculated for the case of free space. The presence of the conducting vacuum chamber may reduce the emitted radiation because the lower frequencies cannot propagate. The calculation of this suppression is quite complicated. We use here an equation from [ 1,2] which gives the frequency wth above which radiation is possible Here, h is the full height of the chamber listed in table 1. The emitted power is calculated for the two types of magnet chambers using the simplifying assumption that the synchrotron radiation spectrum lying above W t h is not changed while the part below is completely suppressed.
IONIZATION OF THE RESIDUAL GAS
The energy loss due to ionization of the residual is [3] Here, X is the mass per unit cross section (usually given in [gr/cm2]), A* and Z* are atomic weight and number of the residual gas, K = 4 7 r N~r , r n~c~ = 0.307 8-l cm2 and M the mass of the nucleus. For our application we can neglect the density effect 612 and set p = 1. The quantity I is the mean excitation energy which is about 19.2 eV for H2, 82 eV for Nz and 95.1 eV for 0 2 , [3] .
Based on earlier measurements the relative partial pressures of the residual gas were estimated to be about 52% Hz, 30% H20 and 18% Nz. For our calculation we split the water molecule and get for the partitions of the partial densities 11% for H, 66% for N and 23% for 0. The pressure has been measured with about 70 gauges around the ring and averaged taking the distance between the measurement points and the pressure bumps in between into account. These values are listed in table 2. For three of the experiments a lower pressure was obtained by using the sublimation pumps.
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PARASITIC MODE LOSS
The resistive impedance of the vacuum chamber leads to an energy loss of the particles in the coasting (unbunched) beam. Each charge produces an electric field which is by the relativistic contraction concentrated in the transverse direction with a typical opening angle of f l l y . It induces on the conducting wall surface a current pulse of rms length [4] crt = b/(&cy) where b is the radius of a circular cylinder which approximates the different cross sections of the vacuum chamber. The energy loss is proportional to an integral over the product of resistive impedance times the Fourier transformation of wall pulse. By measuring this loss for different energies and hence, for different pulse lengths crt, we get some information about the impedance. At high frequencies the impedance is mainly due to diffraction on the aperture changes which decreases like l/@ and, to a lesser extent, due to the smooth resistive wall which increases like 4. For the diffraction contribution we assume that the impedance has a maximum around 1.3 GHz similar to the PS and ISR rings. Based on various SPS measurements we take for the characteristic impedance at low frequencies IZ/nl = 10 0. The resistive wall effect is calculated for a stainless steel chamber with radius b. The estimated parasitic mode loss factor kpm are listed in table 2 for both contributions. This quantity is related to the energy loss by U = q2kp,. Table 2 : Top:Estimated energy losses of protons and Pb$& due to synchrotron radiation, due to parasitic modes [using IZ/nl = 100) and due to ionization (taking for the partial pressures 52% Hz, 30% HzO and 18% Nz). Bottom: Results of the measurements and their correction for synchrotron radiation. to determine the contributions of the impedance and of the ionization to the energy loss we use the calculated values of the corresponding energy losses and calculate the factors by which they have to be multiplied in order to get the best agreement with the measurements. This procedure was carried out for all proton measurements and for the case which also included the lead measurements. The two approaches resulted in differences of about 30% for the impedance and 10% for the pressure. Taking both with the appropriate weight we find for the impedance and the ionization loss which give the best fit through the measured data I f 1 x 1 2 k 4 0 and Ui(meas.) x 1.4Ui(exp.). (14)
The result for the impedance is good agreement with other measurements done at the SPS [5]. The obtained ionization loss could be explained by a slightly higher pressure or a different gas composition. In fact a distribution of 52% Hz, 30% Ha, 4% Nz, 10% CO and 4% of other gases like
Argon could be more realistic. In any case the measurements have errors large enough to explain differences with expectations.
